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Free radical scavenging activity of Eagle tea 2471. Introduction
Eagle tea, derived from the leaves of Litsea coreana Levl. var.
lanuginosa (Migo) Yang et. P. H. Huang (family Lauraceae), has
been used for relief from heatstroke, detoxiﬁcation and detumes-
cence for hundreds years1. Previous studies showed that Eagle tea
contained various kinds of compounds such as ﬂavonoids,
polyphenols, essential oil, saponins, amino acid, multi-vitamins
and multi-minerals2–4. Flavonoids, which possess multiple phar-
macological activities such as anticancer5, preventing adjuvant-
induced arthritis6 and hepatic steatosis7, anti-inﬂammation8,
immuno-regulation9, and antioxidation10, are believed to be the
major bioactive compounds in Eagle tea. Actually, most pharma-
cological activities of Eagle tea are related to its scavenging oxygen
free radicals or reactive oxygen species11, which indicates that
antioxidant activity of Eagle tea is crucial to its health beneﬁts.
Therefore, investigation of free radical scavenging activity of Eagle
tea and their ﬂavonoids is very important for its quality control.
Unfortunately, the antioxidant activities of most ﬂavonoids in
Eagle tea were unknown, though three ﬂavonoids such as
astragalin (kaempferol-3-O-b-D-glucopyranoside), isoquercitrin
(quercetin-3-O-b-D-glucopyranoside) and kaempferol were inves-
tigated by 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay12.
In present study, the antioxidant activities of Eagle tea was
investigated by using HPLC coupled with ABTS assay, and
the active ﬂavonoids were also elucidated.2. Materials and methods
2.1. Chemicals, reagents and materials
HPLC grade methanol and ethanol were purchased from Merck
(Darmstadt, Germany). ABTS was purchased from International
Laboratory (San Bruno, CA). Potassium persulfate was from
Fluka (Seelze, Germany). Deionized water was prepared using a
Millipore Milli Q-Plus system (Millipore, Billerica, MA).
Quercetin, kaempferol, chlorogenic acid and epicatechin
were purchased from the National Institute for the Control of
Pharmaceutical and Biological Products (Beijing, China);
hyperin, isoquercitrin, kaempferol-3-O-b-D-galactopyrano-
side, quercitrin and astragalin were isolated from Eagle tea
in our laboratory. All purities were more than 95% (deter-
mined by HPLC), and their structures (Fig. 1) were conﬁrmedFigure 1 Chemical structures of seven ﬂavonoids.by comparing their UV, MS, 1H NMR and 13C NMR data
with literatures13–19. Sample of Eagle tea was collected from
Ningguo (S1) of Anhui Province, China.
2.2. Sample preparation
Sample preparation was performed using PLE on a Dionex ASE
200 system (Dionex, Sunnyvale, CA, USA) under optimized
conditions. In brief, dried powder of Eagle tea (1.0 g) was mixed
with diatomaceous earth in the ratio of 1:1, and placed into an
11 mL stainless steel extraction cell, respectively. The extraction
cell was extracted under the optimum conditions: solvent, 80%
methanol aqueous solution; particle size, 0.15–0.20 mm; tem-
perature, 120 1C; static extraction time, 5 min; pressure 1,500 psi;
ﬂush volume, 40%; static cycle, 1, and number of extraction, 1.
Then the extract was transferred into a 50 mL volumetric ﬂask
which was made up to its volume with extraction solvent and
ﬁltered through a 0.22 mm nylon membrane ﬁlter (Whatman,
Maidstone, UK) prior to injection into the HPLC system.
2.3. Free radical scavenging activity of investigated ﬂavonoids
HPLC and ABTS-based assay was used to evaluate the free
radical scavenging activity of Eagle tea and their ﬂavonoids
according to our previous reports19,20. In brief, the separation
was achieved on a Zorbax SB C18 column (250 mm 4.6 mm
i.d., 5 mm) with gradient elution of water (A) and methanol (B) at
a ﬂow rate of 1.0 mL/min: 0.0–10.0 min, 20% B; 10.0–20.0 min,
20–35% B; 20.0–40.0 min, 35% B; 40.0–50.0 min, 35–45% B;
50.0–60.0 min, 45% B; 60.0–75.0 min, 45–60% B; 75.0–80.0 min,
60% B. The detection wavelength was set at 270 nm and injection
volume was 10 mL. Mass spectrometry was carried out in the
positive scan mode from m/z 50–1400. ESI-MS conditions were as
follows: drying gas, N2, 7 L/min; temperature, 350 1C; nebulizer
pressure, 35 psi. ESI-MS/MS conditions: isolation width 4, frag-
ment ampliﬁcation 1.5. The ﬂow rate of ABTSþ solution was set
at 0.5 mL/min, and any bleaching of the initial color was detected
as a negative peak at 750 nm.Figure 2 Effects of (A) solvent type, (B) particle size, (C) tem-
perature and (D) static time on PLE extraction efﬁciency of
investigated ﬂavonoids from Eagle tea collected from Ningguo of
Anhui Province, China. To determine one of the parameters, the
others were set at the default (temperature, 100 1C; static extraction
time, 5 min; solvent, 100% methanol; particle size, 0.30–0.45 mm).
hyperin; isoquercitrin; kaempferol-3-O-b-D-galactopyrano-
side; quercitrin; & astragalin; ’ quercetin; kaempferol.
Qiong Meng et al.2483. Results and discussion
3.1. Optimization of PLE
For the extraction of ﬂavonoids from Eagle tea by PLE, the
parameters such as solvent (40%, 60%, 80%, 100% methanol
aqueous solution), particle size (0.3–0.45, 0.20–0.30, 0.15–0.20
and 0.13–0.15 mm), extraction temperature (100, 120, 140 and
160 1C), and static time (5, 10, 15 and 20 min) were studied by
using univariate approach while other conditions were kept
default (pressure, 1,500 psi; ﬂush volume, 40% and one
extraction cycle). The seven investigated compounds were
used as the markers for evaluation of extraction efﬁciency
based on sample S1. The results of optimization were shown in
Fig. 2. The exhausted extraction for the PLE procedure was
determined by performing consecutive pressurized liquid
extractions on the same sample under the optimized PLE
conditions, until no investigated compounds were detected by
the analysis. The exhausted extraction was calculated based on
the total extracted amount of the investigated componentsTable 1 MS and UV data of identiﬁed compounds in Eagle tea
Peak No. MS (m/z) UV
1 465 [MþH]þ, 303 [MþH-gal]þ 255
2 465 [MþH]þ, 303 [MþH-glc]þ 255
3 449 [MþH]þ, 287 [MþH-gal]þ 265
4 449 [MþH]þ, 303 [MþH-rha]þ 255
5 449 [MþH]þ, 287 [MþH-glc]þ 265
6 303 [MþH]þ 255
7 287 [MþH]þ 265
12 291 [MþH]þ 270
14 355 [MþH]þ 240
16 291 [MþH]þ 280
Figure 3 Typical UV-chromatograms and ABTS assay proﬁles (free r
(B) Eagle tea collected from Ningguo, Anhui, China. 1, hyperin; 2, isoq
5, astragalin; 6, quercetin; 7, kaempferol; 12, catechin; 14, chlorogenic a
and 23, unknown.during the consecutive extractions, and the rate of the ﬁrst
time extraction was 99.3%. Finally, the optimum conditions
for PLE were obtained (Section 2.2).
3.2. Validation of method
The repeatability of the developed method was evaluated at
three levels (0.8, 1.0 and 1.2 g) of the sample S1. The samples
of each level were extracted and analyzed in triplicates as
mentioned above. The repeatability present as RSD (n¼3),
which was less than 4.39%, 1.46% and 3.84% for the three
levels (low, medium and high) of test sample, respectively.
3.3. Evaluation of free radical scavenging activity of Eagle tea
and investigated ﬂavonoids
HPLC-DAD-MS and ABTS assays were employed to investigate
and evaluate the free radical scavenging activity of seven ﬂavo-
noids and other potential compounds with antioxidation in Eagle.
lmax (nm) Identiﬁcation
, 355 Hyperin
, 355 Isoquercitrin
, 350 Kaempferol-3-O-b-D-galactopyranoside
, 355 Quercitrin
, 350 Astragalin
, 355 Quercetin
, 365 Kaempferol
Catechins
, 330 Chlorogenic acid
Epicatechin
adicals scavenger detected as negative) of (A) mixed standards and
uercitrin; 3, kaempferol-3-O-b-D-galactopyranoside; 4, quercitrin;
cid; 16, epicatechin. Peaks 8, 9, 10, 11, 13, 15, 17, 18, 19, 20, 21, 22
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was set at 270 nm. As a result, twenty-three peaks were detected in
Eagle tea (S1), and ten of them were identiﬁed as hyperin (1),
isoquercitrin (2), kaempferol-3-O-b-D-galactopyranoside (3), quer-
citrin (4), astragalin (5), quercetin (6) and kaempferol (7), catechin
(12), chlorogenic acid (14), epicatechin (16) by comparing their
MS and UV data (Table 1) with standard compounds and/or
references13–19,21. ABTS assay showed that 5 out of 7 investigated
ﬂavonoids had free radical scavenging activity (Fig. 3). But two
compounds of kaempferol-3-glycoside (3 and 5) had no free
radical scavenging action due to their 3-glycoside rather than
3-OH22. It is also considered that quercetin-3-glycoside has higher
antioxidant activity than kaempferol-3-glycoside, which attributes
to 30,40-catechol structure in the B-ring23,24. In addition, catechin
(12), chlorogenic acid (14), epicatechin (16) and other compounds
of 11 peaks also processed the antioxidant activity, but further
study is necessary to elucidate these components.
In previous study, three components (kaempferol, isoquer-
citrin and astragalin) were proven as antioxidant in Eagle
tea15. In present study, nineteen peaks were found to possess
antioxidant activity in Eagle tea and eight of them were
identiﬁed as hyperin (1), isoquercitrin (2), quercitrin (4),
quercetin (6). kaempferol (7), catechin (12), chlorogenic acid
(14) and epicatechin (16). This research is helpful to elucidate
the antioxidant active components in Eagle tea.4. Conclusions
Free radical scavenging activity of Eagle tea was investigated
and 5 ﬂavonoids, including hyperin, isoquercitrin, quercitrin,
quercetin and kaempferol, were found having free radical
scavenging activity. Besides, a lot of other compounds, such
as catechin, chlorogenic acid, epicatechin, in Eagle tea also
contributed to its antioxidant activity, which should be further
studied.
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